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We. Gunma Kagaku Kabushiki Kaisha 
and Nippon Ekika Seikei Kabushiki 
Kaisha, Japanese corporate bodies, respec- 
tively of 10, 1-chome, Yuraku-cho, Chiyoda- 
5 ku, Tokyo, Japan and of 81, Neribei-cho, 
Kanda, Chiyoda-ku, Tokyo, Japan, do here- 
by declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed to be 

10 particularly described in and by the follow- 
ing statement: — 

The present invention relates to moulded 
articles, particularly cups, tins, bottles, 
boxes, toys, buckets, etc., of a thermoplastic 

15 resin as well as apparatus for moulding such 
articles. 

In recent years, plastics articles have been 
taking the place of articles made of paper, 
glass, ceramics, metal and other materials. 

20 These plastics articles, however, are still not 
completely satisfactory as regards price, pro- 
perties, dimensions, shape, appearance, 
moulding method and so forth. For in- 
stance in vacuum moulding and drawing of 

25 a sheet, material and blowing of two 
clamped sheets, the yield of the products 
with respect to the raw material sheets is 
very low with a great quantity of waste 
scraps of sheets. Finish cuts are required 

30 to a considerably large number of portions 
of the processed article. Many flows and 
scratches result It is necessary to use raw 
material sheets of excessive thickness be- 
cause the portions of the sheets to be ex- 

35 panded to the greatest extent determine the 
required standard, and it is generally diffi- 
cult to obtain uniform thickness of various 
portions of the article and to provide ad- 
juncts to desired portions of the article 

40 which have desired wall thicknesses. In ex- 
trusion blow moulding, as the parison. a 
tubular resin extruded from an extruder, is 
clamped and sheared by the sectional mould, 
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the sheared edge of the article has a number 
of large mould flashes, many flaws and 45 
scratches also result, and it is generally diffi- 
cult to obtain uniform thickness of each por- 
tion of the article and to provide adjuncts to 
desired portion of the article which have 
desired wall thicknesses. In injection mould- 
ing, a resin having a low fluidity can not be 
used as the raw material, and it is difficult 
'to mould mouldings having thin wall por- 
tions and mouldings requiring flow of the 
moulding material over long distances. Also 5$ 
in injection moulding, the mould costs are 
high, hollow articles such as bottles, etc., 
can not be directly obtained, re-use of the 
runner material is necessary, and flaws and 
scratches resulting from gates, projecting 60 
pins, mating faces of the mould and so forth 
remain in the final products. In compres- 
sion as well as transfer moulding, where 
thermoplastic synthetic resin is used, it is 
necessary to cool the mould to a tempera- 65 
ture below the heat distortion temperature 
of the resin before taking the moulded article 
out of the mould, so that this method is not 
profitable in practice. Moreover, these 
techniques are not suitable for producing 
hollow articles such as bottles, etc. 

Further, in what is called powder mould- 
ing where powdered synthetic resin such as 
polyethylene is filled in a mould of a desired 
contour followed by externally heating the 75 
mould to form a sintered layer over the inner 
surfaces of the mould and, after removing 
excess material remaining in a powdery 
state, the mould is cooled to obtain a mould- 
ing having a configuration corresponding to 
that of the inner surfaces of the mould, or 
in what is called liquefied moulding where 
liquefied moulding material prepared by dis- 
solving a synthetic resin in an organic sol- 
vent is moulded into desired articles, uni- 
formity of the thickness of the walls of the 
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produced articles can be achieved. In these 
methods, however, it is difficult to provide 
a desired degree of wall thickness and a de- 
sired adjunct at a given place of the article 
5 and to provide exact control of the inner and 
outer dimensinos of the article in the vicinity 
of the mouth thereof. In addition, powder 
moulding is unsuitable for the manufacture 
of articles having small volume and small 

10 wall thickness, and it often results in the 
loss of sintered resin. On the other hand, 
the liquefied moulding method has various 
problems such as complexities involved in 
the after-treatment of the organic solvent. 

15 All of the disadvantages discussed herein- 
above are particularly critical for articles 
having small volume and small wall thick- 



According to the invention there is pro- 
20 vided an apparatus for moulding thermo- 
plastic resin articles comprising a rotary 
shaft rotatably mounted on a stationary shaft 
provided with an air conduit, a plurality of 
male moulds, each being secured to the 
25 rotary shaft and having a heating means, air- 
blow valves respectively provided in said 
male moulds and arranged for bringing pre- 
form mouldings on said male moulds suc- 
cessively into communication with the air 
30 conduit for blow moulding said preform 
mouldings, a raw material feed means for 
attaching raw material onto the top centre 
of each male mould as it passes through a 
feed station, two lining sleeves each of which 
35 has a cavity contoured such that a preform 
moulding may be compressively formed be- 
tween any of the male moulds and the lining 
sleeve, a female mould for supporting each 
lining sleeve during compressive formation 
40 of a preform moulding, a cooling mould for 
cooling each lining sleeve and a preform 
moulding contained therein, each of the fe- 
male and cooling moulds having a cavity 
contoured so as to engage the outer surface 
45 of each lining sleeve, and a product blow 
mould having a cavity contoured such that 
it can be engaged with any of the male 
moulds for transformation of a preform 
moulding into a product article having de- 
50 «ired dimensions, by blow moulding. 

An embodiment of the invention and these 
modifications thereof are described below, 
by way of example only, with reference to 
the accompanying drawings, in which: 

Figure 1 is a sectional elevation of an 
apparatus for moulding thermoplastic resin 
articles, which apparatus has several features 
in common with the present invention; 
Figures 2 and 3 are sectional elevations 
60 of an embodiment of the present invention 
showing different stages of a working cycle: 
Figures 4, 5 and 6 are sectional eleva- 
tions of parts of modified embodiments of 
the invention; and 
65 Figures 7 and 8 are respectively transverse 
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and vertical sections illustrating apparatus 
for the manufacture of a handle-carrying 
square-sectioned bottle in accordance with 
the invention. 

The apparatus shown in Figure 1 is for 
manufacturing a cup and is described below 
to facilitate explanation of the advantages of 
the present invention. 

In Figure 1, the reference numeral 7 desig- 
nates a central stationary shaft, on which is 
mounted a rotary shaft 8. In the embodi- 
ment, under the shaft 8 is a compression 
moulding station (preform moulding 
station), over the shaft is a blow moulding 
station, at the left of the shaft is a tempera- 
ture control (cooling) station, and at the right 
of the shaft is a temperature control (heat- 
ing) station. On the shaft 8 is provided four 
male moulds 1, each having heating equip- 
ment such that each of the moulds comes 
to each of the stations after moving one- 
fourth rotation. The stationary shaft 7 is 
provided with an air conduit 15 which is 
open to only the upper blow moulding 
station. The male mould 1 is provided with 
an air-blow valve 2 which is in a closed state 
when the male mould is in the compression 
moulding station. In operation, a predeter- 
mined quantity of resin designated by a is 
loaded in a female mould 3 located at a posi- 
tion indicated in Fig. 1 by a chain line. The 
female mould 3 is then pushed upward to- 
gether with a mounting table by means of 
an assembly of piston, ram, togglecrank, or 
wedge to the position indicated by a solid 
line to compress the raw material resin a 
filling the gap between the engaged male 
and female moulds I and 3 so as to form a 
preform moulding b. After the formation of 
the preform moulding b, the female mould 3 
together with the mounting table is lowered 
by means of the assembly of piston, ram, 
togglecrank, or wedge, back to the original 
position indicated by the chain line, while 
the preform moulding b is caused to remain 
on the male mould. The preform moulding 
b is allowed to remain on the male mould 1 
by preventing it from sticking to the female 
mould 3 by suitably selecting difference in 
temperature between male and female 
moulds* kinds of mould lubricants, difference 
in effects of different mould lubricants for 
male and female moulds, difference in con- 
centrations of the mould lubricant for male 
and female moulds. It is to be understood 
that the operating conditions such as main- 
tenance of the male and female moulds 1 
and 3 at moulding temperature or fusion 
temperature of the resin by heating means, 
metal-plating of the mould surfaces in con- 
tact with the resin, use of the raw material 
resin a in powdered granular or part- 
moulded form, preheating of the resin and 
so forth are selected depending upon the 
properties of the resin, moulding conditions, 
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shape of the mouldings, wall thickness of 
the mouldings and other factors as in con- 
ventional compression and transfer mould- 
ing. The male and female moulds are de- 
5 signed such that the gap defined by them 
when they are in compression engagement 
can provide a preform moulding b pre- 
formed to a shape which is similar to the 
shape of the final product and as simple as 
JO possible, permits moulding resin to be 
readily moulded or to be readily caused to 
melt and flow, prevents fluctuation of the 
wall thickness of the article, and allows pre- 
determined distribution of the wall thickness 
15 during a subsequent blow moulding opera- 
tion which is described hereinafter in detail. 

The preform moulding b thus formed and 
remaining on the male mould 1 is then 
brought by one-fourth clockwise rotation of 
20 the rotary shaft 8 to the temperature control 
station where the prototype moulding is sub- 
jected to temperature control to the tempera- 
ture most suitable for the blowing operation. 
The temperature control may be achieved 
25 by internally cooling the male mould 1 with 
cooling means provided within the male 
mould 1, or alternatively it may be achieved 
by externally cooling the male mould 1. for 
instance by covering the moulding b with 
30 a cooling mould having the same size as that 
of the female mould 3 and effecting cooling 
by directing cooling air or cooling water on 
to the cooling mould, or by immersing the 
cooling mould directly in water. The tem- 
35 perature control as described above may be 
dispensed with depending upon the resin and 
the wall thickness of the moulding, and the 
preform moulding may then be directly 
transferred from the compression moulding 
40 station to the blow moulding station but, in 
most cases, blow moulding will take place 
at a lower temperature than compression 
moulding. When the temperature of the 
preform moulding b in the temperature con- 
45 trol station has been controlled to a tem- 
perature suitable for the subsequent blow 
moulding, the male mould 1 is transferred to 
the blow moulding station by one-fourth 
rotation of the rotary shaft 8. Here, a pro- 
50 duct blow mould 4 maintained at room tem- 
perature (and sometimes having a cooling 
means), descends and engages the male 
mould 1 to clamp the preform mouldings 
hermetically between the male mould 1 and 
55 the product blow mould 4 by means of a 
packing 6 provided to seal the product blow 
mould 4. Alternatively, the use of packing 
6 may be dispensed with and similar effects 
may be attained by bringing the mouth of 
60 the product blow mould 4 in close contact 
with the corresponding mouth portion of the 
preform moulding b, as indicated by the 
reference character g in Figs. 4 and 5. Upon 
one-fourth rotation of the shaft 8 from the 
65 temperature control station to the blow 



moulding station, the cam action of the 
stationary shaft 7 forces air-guide pin 5 up- 
ward so as to bring the airblow valve 2 of 
the male mould 1 into communication align- 
ment with an air-inlet passage 15 formed in 70 
the stationary shaft 7. By blowing air under 
a controlled pressure and at a controlled 
temperature thrqugh the open valve 2, the 
preform moulding b is expanded and pro- 
gressively separated from the top to the bot- 75 
torn of the male mould 1 so as to transfer 
the moulding b to the inner surfaces of the 
product blow mould 4 which is finished to 
the dimensions of the product article, the 
separation of the preform moulding h from 80 
the male mould 1 being effected progres- 
sively from the top to the bottom of the male 
mould 1. At this time the air existing be- 
tween the product blow mould 4 and the pre- 
form moulding b is forced out of the mould 85 
1 through air discharge conduits / by the 
pressure due to the expansion of the pre- 
form moulding b or is pumped out of the 
mould by evacuating means. In this way, 
the preform moulding is transformed into 90 
the final product c. 

When the transfer of the moulded resin 
from the male mould 1 to the product blow 
mould 4 has been completed, the product 
blow mould 4 carrying the product c is sep- 95 
arated from the male mould 1 and moved 
upward. The product c is then taken out 
of the product blow mould 4 and the mouth 
portion which has been in contact with the 
packing 6 is then machined away and mould 100 
flashes formed at the time of moulding are 
cut off the blown article, thus obtaining a 
complete product, which is then transmitted 
to the subsequent process stations for print- 
ing, packaging, filling, etc 105 

After the product blow mould 4 carrying 
the product c has been separated from the 
male mould 1. the male mould 1 is trans- 
ferred to the right-hand temperature control 
station by one-fourth rotation of the rotary 110 
shaft 8. By this rotation of the rotary shaft 
8, the aii-blow valve 2 is closed. The male 
mould 1 is then heated to a moulding tem- 
erature suitable for the resin to melt and 
ow before being transferred to the com- 115 
pression moulding station. Where no heat- 
ing is required, the male mould 1 is directly 
transferred from the blow moulding station 
to the compression moulding station. In the 
above described mode, the simultaneous 120 
working at the compression moulding 
station, cooling station, blow moulding 
station and heating station, or the simul- 
taneous working at the compression mould- 
ing station and blow moulding station, en- 125 
ables successive production of the articles by 
intermittent movement of each of four male 
moulds 1 by the successive one-fourth rota- 
tions of the rotary shaft 8. 

If an adjunct h such as a knob or a handle 130 
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is necessary as shown in Figures 7 and 8 the 
female mould is made as a sectional mould. 
This sectional mould is held open during 
its vertical movement and is only closed 
5 when it is in a position to engage the male 
mould The resin may be charged in the 
gap between the male and female moulds 
in the manner as described before so that 
clamping together of halves of the sectional 

10 female mould causes the formation of the 
preform moulding b. Adjunct forming 
cavities are formed in the split surfaces of 
the female mould, so that the adjuncts may 
be formed as integral parts of the preform 

15 moulding b at the time of preform moulding. 
The blow mould 4 at the blow moulding 
station is also a sectional mould. This sec- 
tional mould has an enlarged adjunct cavity 
to allow clearance for expansion of the 

20 moulding b during blow moulding. The 
blow mould 4 is advanced in the open state 
to the male mould 1 and closed thereon, and 
then blow moulding takes place as described 
above. . 

25 According to the method described in the 
foregoing, almost any resin may be used, 
the size, shape and wall thickness may be 
selected as desired, desired adjuncts may be 
provided at given places of the article, and 

30 different wall thicknesses may be desirably 
selected for different portions of the article 
by specifying the dimensional relation be- 
tween the male mould 1 and the product 
blow mould 4. 

35 Also, the above method affords precise 
finish of the mouth of the moulded article, 
results in extremely few flaws and scratches 
on the finished surfaces after cutting off the 
mould flash from the moulded article and 

40 also in reduced quantities of raw material 
loss, requires cheap moulds, small sized 
equipment and permits simple and rapid 
operation which are easy to automate. In 
this method, however, immediately after the 

45 formation of the preform moulding by com- 
pression and plastic flow of the raw material 
resin by means of the male and female 
moulds, the female mould is separated from 
the male mould with the preform moulding 

50 remaining on the male mould. This means 
that the separation of the female mould is 
made when it is at a high temperature, 
namely at the moulding temperature and the 
male mould is kept also at the moulding 

55 temperature. As a result, depending upon 
the resin used the heating of the resin re- 
sults in loss of transparency, rough surfaces 
and disappearance of lustre of the product 
To avoid these phenomena, either both the 

60 female and male moulds or only the female 
mould may be cooled. As the moulds have 
a large wall thickness to withstand the 
moulding pressure, cooling and temperature 
recovery of the mould require much heat 

65 and time, so that the temperature control 



can not be quickly made, thus extremely re- 
during the productivity. 

According to the present invention, the 
above mentioned disadvantages are obviated 
by using a lining sleeve having about 1 to 5 70 
mm in wall thickness and having inner sur- 
face similar in shape to the outer configura- 
tion of the male mould and capable of form- 
ing the preform moulding and having an 
outer surface so dimensioned as to fit neatly 75 
into a removable female compression mould. 
During compression moulding, this sleeve 
serves as the female mould and during re- 
moval of the actual female compression 
mould it remains on the formed preform 80 
moulding and clamps the moulding b be- 
tween itself and the male mould. After 
separation of the female mould and male 
mould carrying the preform moulding, the 
male mould is carried to the cooling station 85 
where the sleeve is cooled rapidly by direct- 
ing cooling water, air and the like onto the 
sleeve, immersing the sleeve in water, or 
engaging a closely fitting cooled metal mould 
on the outside of the sleeve. 90 

The improved method of moulding using 
the cooling sleeve for the female mould is 
now described in conjunction with one em- 
bodiment of apparatus for moulding a hoi- 
low bottle. 95 

As shown in Figs. 2 and 3, a rotary shaft 
8 is mounted on the central stationary shaft 
7. Below the shaft 8 is a raw material feed 
station, at the left of the shaft is a com- 
pression moulding station, above the shaft 100 
is a cooling station and at the right of the 
shaft is a blow moulding station. As in the 
previous embodiment, the rotary shaft 8 is 
rotatably mounted on the stationary shaft 7 
and the rotary shaft carries four male moulds 105 
1 each having a heating means. Each male 
mould 1 executes one-fourth rotation for re- 
spective operations, and while the rotary 
shaft 8 is in rotation, a sleeve exchanger 10 
moves a sleeve from the cooling station to 110 
the compression moulding station. The 
stationary shaft 7 is provided with an air- 
inlet passage 15 open only to the male mould 

1 in the right-hand blow moulding station. 

As shown in Figs. 2 and 3. in each of the 115 
male moulds 1 is provided an air blow valve 

2 which is closed when the associated male 
mould 1 is in the raw material feed station. 
In the raw material feed station, means pre- 
viously supplied with a predetermined quan- 120 
tity of raw material from a raw material 
resin supply such as a hopper is pressed up- 
ward to be closely fitted on the male mould 

1 for the attachment of raw material resin 
a on the central top of the male mould 1 as 125 
shown in Fig. 2. The. resin supplied from 
the raw material resin supply is preheated 
to a temperature 10 to 50 °C lower than the 
moulding temperature, while the raw 
material feed means 13 is maintained at a 130 
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temperature 10 to 20° C higher than the resin 
temperature and over 5°C lower than the 
temperature of the male mould 1. The dif- 
ference in temperature between the male 
5 mould 1 and the feed means 13, the presence 
or absence, concentration and kinds of 
mould lubricants are suitably selected to en- 
sure attachment of the raw material resin 
on the central top of the male mould 1. 
10 When the raw material resin a has thus 
been attached to the central top of the male 
mould 1, the feed means 13 is lowered back 
to the original position. Afterwards, the 
male mould 1 carrying the raw material resin 
15 a is moved clockwise one-fourth rotation 
about the shaft 7 to the compression mould- 
ing station. Concurrently with this move- 
ment, the sleeve exchanger 10 carrying a 
sleeve 9 proceeds down from the cooling 
20 station to a point on the path of travel of 
the female mould and is retained in that 
positon for engagement of the sleeve 9 with 
the female mould 3. The female mould 3 
is moved together with its mould mounting 
25 table to the position occupied by the sleeve 
9 under the action of piston, ram, toggle- 
crank, or wedge, to engage the sleeve 9, and 
remains in that position till the sleeve 9 is 
heated to the required temperature. Upon 
30 heating of the sleeve to the required tem- 
perature, the sleeve exchanger 10 is separ- 
ated from the sleeve 9 and returned to the 
initial position shown in Fig. 3. Thereafter, 
the female mould 3 in engagement with the 
35 sleeve 9 is moved toward the male mould 1 
until in engagement therewith. The raw 
material resin a attached on the centre top 
of the male mould 1 is consequently heated 
and compressed and subjected to forced flow 
40 in the gap between the male mould 1 and 
the sleeve 9 and formed into a preform 
moulding b. Thereafter, the female mould 
3 together with the mould mounting table is 
returned to its initial position as shown in 
45 Fig. 2 by means of piston, ram. toggjecrank, 
or wedge, while the sleeve 9 remains on the 
male mould 1 around the preform moulding 
b. As before, the operating conditions such 
as maintenance of the male and female 
50 moulds 1 and 3 at moulding temperature of 
the resin by heating means, metal-plating of 
the mould surfaces to be brought in contact 
with the resin, compression degree of the 
raw material resin a: and the state and tem- 
55 perature of the raw material resin a before 
compression and so forth are selected in de- 
pendence upon the properties of the resin, 
moulding conditions, shape and wall thick- 
ness of the mouldings as in the case of con- 
60 ventional compression moulding and transfer 
moulding. The male mould and female 
mould (including a lining sleeve) are, as be- 
fore, designed such that the gap defined by 
them when they are in compression engage- 
65 ment can provide a preform moulding b 



which is preformed to a shape which is as 
similar to the shape of the final product and 
as simple as possible, permits moulding 
resin to be readily moulded or to be readily 
caused to melt and flow, prevents fluctua- 70 
tion of the wall thickness of the article, and 
allows predetermined distribution of the wall 
thickness during blow moulding, as de- 
scribed hereinafter in detail. The preform 
moulding b thus formed is transferred to the 75 
cooling station by one-fourth rotation of the 
rotary shaft 8 while being clamped between 
the male mould 1 and the sleeve 9. When 
the male mould 1 comes to the cooling 
station a cooling mould 11 is lowered to- SO 
gether with its mould mounting table under 
the action of piston, ram, togglecrank, or 
wedge down to engagement with the sleeve 
9 on the male mould 1. as shown in Fig. 3, 
to achieve cooling of the preform moulding 85 
b. The cooling mould 11 may be a metal 
mould provided with a cooling water circu- 
lating means, a mould having a mouth por- 
tion designed to closely fit the mouth of the 
sleeve, and may be provided with means to 90 
direct cooling water or air to the sleeve, or it 
may be any other suitable mould depending 
upon the physical properties of the resin. 
When the preform moulding b in the cooling 
station has been cooled down from the 95 
higher temperature at which compression 
moulding takes place to a temperature suit- 
able for the blow moulding operation, the 
cooling mould 11 together with the sleeve 9 
is separated from the male mould 1 with 100 
the preform moulding b remaining thereon. 
The sleeve 9 is moved along with the cool- 
ing mould up to a point of intersection with 
the path of travel of the sleeve, exchanger 
10. at which point it is temporarily brought 105 
to a halt Upon halting the cooling mould 
11 at the position shown in dashed .outline 
in Fig. 2, the sleeve exchanger 10 is driven 
in the clockwise direction from the position 
shown in Fig. 3 to engage the sleeve 9 car- 1 10 
ried by the cooling mould 11. Upon engage- 
ment of the sleeve exchanger 10 with the 
sleeve 9, the cooling mould is returned to 
its non-working position shown in Fig. 2L 
When the cooling mould has been retracted, 115 
the sleeve exchanger 10 together with the 
sleeve 9 is now moved back to the point of 
intersection with the path of travel of the 
female mould 3 for subsequent engagement 
of the sleeve 9 with the female mould 3, and 120 
finally returned to the initial position indi- 
cated in Fig. 3 to complete the cycle of 
operation. 

Subsequent to the cooling of the preform 
moulding b to a temperature suitable for the 125 
blow moulding operation, the male mould 
1 is transferred to the blow moulding station 
by one-fourth rotation of the rotary shaft 8. 

In the blow moulding station, a blow 
mould 4 which has a cooling means and 130 
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whose inner configuration is dimensioned to 
meet the outer configuration of the product 
article are driven together with the mould 
mounting table by means of piston, ram. 
5 togglecrank, or wedge, into engagement with 
the male mould 1. The air-tight seal be- 
tween the male mould 1 and the blow mould 
4 may be ensured either by closely fitting 
the mouth portion of the blow mould 4 

10 directly on the mouth portion of the preform 
moulding h surrounding the male mould I 
as shown in Figs. 3 to 5, or by using a pack- 
ing 6 as shown in Fig. 6. Upon arrival of 
the male mould 1 at the blow moulding 

J 5 station, the cam action of the stationary 
shaft 7 forces an air-guide pin 5 upward so 
as to bring the air-blow valve 2 of the male 
mould I into communication alignment with 
an air-inlet passage 15 formed in the 

20 stationary shaft 7. By blowing air under a 
controlled pressure and at a controlled tem- 
perature throueh the air blow valve 2, the 
preform moulding b is expanded and trans- 
ferred to the inner surfaces of the product 

25 blow mould 4, the separation of the preform 
moulding b from the male mould 1 being 
effected progressively from the top to the 
bottom of the male mould 1. As in the pre- 
vious embodiment, air existing between the 

30 product blow mould 4 and the preform 
moulding b is forced out of the mould 1 
through air discharge conduits / during ex- 
pansion of the preform moulding b t or is 
pumped out of the mould by evacuating 

35 means. In this way, the preform moulding 
b is transformed into the final product hav- 
ing desired shape and dimensions. 

When the transfer of the preform mould- 
ing from the male mould 1 to the product 

40 blow mould 4 has thus been completed, the 
product blow mould 4 carrying the product 
c is separated from the male mould 1 and 
returned to the position indicated in Fig. 2, 
while the male mould 1 is again transferred 

45 to the raw material feed station by the one- 
fourth rotation of the rotary shaft 8. 

Successive operations, as described in the 
foregoing are repeated time and again, there- 
by continually producing product articles c. 

50 Upon returning of the product blow mould 
4 to the position indicated in Fig. 2, a pro- 
duct take-up member 12 is driven upward 
up to a point along the path of travel of the 
product blow mould 4 and is stopped in that 

55 position. Then the product blow mould 4 
together with its mould mounting table is 
slightly moved by piston, ram, togglecrank, 
or wedge, up to a position just in front of 
the product take-up member 12 so that the 

60 product c may be received by the product 
take-up member 12. When the product c 
has been received by the product take-up 
member 12, the product blow mould 4 is 
returned to the initial position. If the blow 

65 mould 4 is a sectional mould it is also separ- 



ated into two halves during this operation: 
ITie product article 2 transferred to the pro- 
duct take-up member 12 is moved downward 
to the lowered position indicated in Figs. 2 
and 3 where mould flashes formed during 70 
formation of the preform moulding on the 
mouth portion thereof and portions in con- 
tact with the packing 6 are cut off by a cut- 
ting tool 14 such as a cutting blade. Then 
the finished article c is taken out of the pro- 75 
duct take-up member 12, by such an opera- 
tion as blowing it out and is further trans- 
fered by means of, for instance, a conveyor 
to the following process stations for print- 
ing. packaging, filling, etc. *° 

The above described various operations 
such as feeding the raw material resin, com- 
pression moulding, cooling, blowing, sleeve 
exchange, and taking up of the product 
article are all carried out at the same time 85 
as is shown in Figs. 2 and 3. To maintain 
continual production of the mouldings, 
therefore, it is required to have one female 
mould 3, four male moulds 4, one cooling 
mould 11, two sleeves 9, one product blow >0 
mould 4, one feed apparatus 13, one sleeve 
exchanger 10 and one product take-up mem- 
ber 12 to ensure continual production of the 
articles, in keeping pace with intermittent 
successive one-fourth rotation of the rotary "5 
shaft 8. 

When moulding large-size articles such as 
a container of a large volume capacity, or 
a bath tub by the use of the usual compres- 
sion moulding press, the formation of the 100 
preform mouldings may be readily and 
rapidly effected by using lining sleeves for 
both the male and female moulds. 

Using a moulding press comprising heated 
male and female moulds and a cooling press 105 
comprising cooled male and female moulds, 
and fitting lining sleeves in male and female 
moulds of the moulding press, the raw 
material resin is compressed betweeen both 
sleeves and the moulded resin is taken out 110 
together with both sleeves and placed in the 
cooling press for cooling. By using two 
moulding presses for engagement with alter- 
nate male moulds the efficiency may be fur- * 
ther increased. 115 

In the blowing operation in accordance 
with the invention, the mutual relationship 
between the preform moulding b and the 
product article c is very important. For in- 
stance the thickness of portions of the pre- 120 
form moulding indicated at d and e' are 
chosen by allowing for elongation of the raw 
material due to expansion so that portions 
indicated at d in Figs. 1, 4, 5, 6 and 7 and 
portions indicated at d and e in Fig. 6 may 125 
respectively have required wall thickness. To 
ensure correct transformation of portions d' 
and e' into portions d and e in the figure, it 
is necessary that the preform moulding b is 
preformed to a shape which is readily trans- 130 
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formed by blow moulding into the product 
article. Further, it is necessary to consider 
the facts that the preform moulding does not 
literally expand simultaneously in all direc- 
5 tions but is rather displaced incrementally 
to positions more distant from the air-blow 
orifices, and that the greater this distance 
the greater is the displacement of the resin. 
Further, to ensure correct transformation of 
10 portions d' and e' into portions d and e it is 
necessary to suitably control the displace- 
ment of the resin by taking into considers^ 
tion such operational factors as properties 
and temperature of the resin, temperature 
15 and pressure of the blowing air. quantity of 
the mould lubricants, difference in effects 
due to different kinds of mould lubricants, 
temperature of the product blow mould 4, 
position and size of the air discharge con- 
20 duits /, degree of vacuum in the case of 
vacuum drawing. There exists a constant 
relationship between these factors. Such 
relationship can be previously taken into 
account to avoid errors or to reduce these 
25 errors to extremely small dimensional errors 
which will not present any problem in view 
of commerciability. In moulding hollow 
articles such as bottles and toys the blow 
mould used is a sectional mould while in 
30 moulding open cavity articles such as glasses 
the blow mould is a unitary mould, and 
when a sectional mould is used it is brought 
in an open state up to the male mould before 
it is closed on the male mould, which is the 
35 same as in usual blow moulding. 

The exact finish of the mouth portions g 
of the moulding to the specified outer and 
inner dimensions may be ensured by the 
arrangement shown in Figs. 4 and 5 where 
40 the mouth portion of the male mould 1 and 
of the product blow mould 4 is dimensioned 
respectively to the inner and outer dimen- 
sions' of the product article and where with- 
out using packing 6 the mouth portion of 
45 the product blow mould 4 is directly closely 
fitted to the mouth of the preform moulding 
for subsequent blowing and other operations 
as described in the foregoing. The air-blow 
valve 2 may be made of any desired struc- 
50 ture besides those valves shown in Figs. 1, 
2, 3 and 6 which protrude from the male 
mould 1. For instance, a cross valve shown 
in Figs. 4 and 5 may be used which has its 
orifices open at both sides of the male mould 
55 1. 

The resin to be used in accordance with 
this invention may include thermoplastic 
resins. For instance, it may be a vinyl poly- 
mer such as polyvinyl chloride, polyvinyl 

60 acetate, polyvinylidene chloride, polystyrene, 
acrylic resin, a polyolefin such as high den- 
sity, medium density and low density poly- 
ethylene, polypropylene, a polyamide such 
as nylon, an acetal resin, a diene polymer 

65 such as acrylonitrile-butadiene-styrcne co- 



polymer, or a polyester resin such as poly- 
carbonate. Further it may be a polymer 
blend as well as a homo-polymer or copoly- 
mer. An addition of small quantity of 
rubber such as synthetic rubber, for instance 70 
NBR (i.e. Nitrile-Butadiene rubber) and 
SBR, and natural rubber to the above poly- 
mer can increase the impact resistance of 
the moulding at low temperatures. 

As has been described in the foregoing 75 
according to the process of this invention, 
unlike conventional blow moulding where 
the extruded tubular resin or parison is 
blown up, on injection moulding where the 
raw material is injected to the mould, or 80 
compression moulding where the raw 
material is compressed by the mould, the 
raw material resin is first formed into a pre- 
form moulding having an excellent mould- 
ability and excellent melting and flowing 85 
properties and having a configuration which 
is readily blow-moulded into the final pro- 
duct This preform moulding is subse- 
quently blown into the product article, so 
that it is possible to have desired wall thick- 90 
nesses for required portions of the final pro- 
duct to provide an adjunct at a required 
place, and to ensure exact dimensions of the 
mouth and bottom portions of the moulded 
article. Also, according to the invention 95 
there is no repeated heating and cooling the 
same mould, no introducing hot resin into 
a cold mould under pressure as in the con- 
ventional moulding processes. The heating 
mould, the cooling mould and the product 100 
blow mould are all separately provided,. The 
heating mould forms the preform moulding, 
the cooling mould cools the preform mould- 
ing, and the product blow mould provides 
a housing for blowing the preform moulding 105 
into the product article, and these operations 
take place in a continuously successive 
order, so that extremely good operational 
efficiency is obtained. Also, according to 
the invention loss of raw material is small 110 
since mould flashes are produced only on 
top of the mouth portion of the preform 
moulding and the thickness of these flashes 
is about 0.1 to 0.3 mm, which is very small 
as compared to many large mould flashes 115 
generated at the cut end of the parison in 
the prior art moulding of hollow articles, at 
portions along a line along which both 
halves of the usual sectional mould meet, 
and at portions in contact with runners and 120 
gates of the conventional injection mould. 
Also, the metal mould according to tine in- 
vention is very cheap and easy to operate. 
Further, as the forming and finishing of the 
product are continually and automatically 125 
effected, and the manufacture is very econo- 
mical. 

Further, according to the invention, it is 
possible to produce articles of tubular shape, 
or hollow articles such as bottles, etc. to 130 
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control size and wall thickness of the article 
to be produced such as cup, tin, box, bucket 
bottle, toy and so forth. Furthermore, the 
product is free from such undesirable finish 
5 surfaces as cut ends of the parison used in 
the production of hollow mouldings and the 
surfaces which have been in contact with 
gates of the mould and extruding pins, with 
the only flaws being almost unnoticeable 

10 streaks which occur at portions initially in 
contact with the air-blow valve 2 and 
at portions along the division line be- 
tween both halves of a sectional 
mould. Moreover, the internal deformation 

15 of the article is extremely small. Maknig 
use of a lining sleeve in accordance with 
this invention permits obtaining excellent 
cooling effect, quick temperature control, 
and product articles having beautiful appsar- 

20 ance due to increased lustre, transparency 
and smoothness. Also, the ability to mould 
articles having extremely thin walls in 
accordance with this invention is particularly 
useful for the production of containers for 

25 particular uses, such as containers for milk, 
yogurt, and fruit juice. Further, as the 
moulding apparatus in accordance with this 
invention is of very simple construction and 
can be directly combined with the loading 

30 apparatus for milk, yogurt, fruit juice and 
the like, the containers produced by the 
apparatus in accordance with this invention 
can be directly supplied to the loading 
apparatus, without transportation and steri- 

35 lization of these containers for the loading of 
the content. 

WHAT WE CLAIM IS: 
1. An apparatus for moulding thermo- 
plastic resin articles comprising a rotary 

40 shaft rotatably mounted on a stationary shaft 
provided with an air conduit, a plurality of 
male moulds, each being secured to the 
rotary shaft and having a heating means, 



air-blow valves respectively provided in said 
male moulds and arranged for bringing pre- 45 
form mouldings on said male moulds suc- 
cessively into communication with the air 
conduit for blow moulding said preform 
mouldings, a raw material feed means for 
attaching raw material onto the top centre 50 
of each male mould as it passes through a 
feed station, two lining sleeves each of which 
has a cavity contoured such that a preform 
moulding may be compressively formed be- 
iween any of the male moulds and the lin- 55 
ing sleeve, a female mould for supporting 
each lining sleeve during compressive for- 
mation of a preform moulding, a cooling 
mould for cooling each lining sleeve and a 
preform moulding contained therein, each of ol> 
the female and cooling moulds having a 
cavity contoured so as to engage the outer 
surface of each lining sleeve, and a product 
blow mould having a cavity contoured such 
that it can be engaged with any of the male 65 
moulds for transformation of a preform 
moulding into a product article having 
desired dimensions, by blow moulding. 

2. An apparatus for producing thermo- 
plastic resin articles substantially as herein 70 
described with reference to Figures 2 and 3 

of the accompanying drawings, with or with- 
out the modification substantially as herein 
described with reference to Figure 4. Figure 
5 or Figure 6, and with or without the modi- 75 
fication substantially as herein described 
with reference to Figures 7 and 8. 

3. A thermoplastic resin article made with 
apparatus according to claim 1 or claim 2. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303/306 High Holborn,. 
London, W.C.1. 
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